BACKGROUND: Docetaxel and irinotecan chemotherapy have shown good efficacy in the treatment of advanced oesophago-gastric cancer. This randomised phase II study evaluated the efficacy and toxicity profile of two non-platinum docetaxel-based doublet regimens in advanced oesophago-gastric cancer. METHODS: Chemotherapy-naïve patients with advanced oesophago-gastric cancer were randomised to receive either 3-weekly DI (docetaxel 60 mg m À 2 plus irinotecan 250 mg m À 2 (Day 1)) or 3-weekly DF (docetaxel 85 mg m À 2 (Day 1) followed by 5-fluorouracil 750 mg m À 2 per day as a continuous infusion (Days 1-5)).
2008). Other regimens, such as FOLFOX, using biweekly oxaliplatin and continuous infusional 5-FU/folinic acid has demonstrated better safety profile compared with 5-FU/cisplatin in several phase II trials (Van Cutsem et al, 2011b) . Doublet regimens containing oral fluropyrimidine compound, S1, is considered to be the standard regimen in Japan and many Asian countries (Boku et al, 2009) . Docetaxel, a semi-synthetic taxoid has shown activity in gastric cancer, and has been examined as a single agent and in combination therapy. Docetaxel in combination with cisplatin has shown encouraging activity with objective response rate ranging between 31 and 56%, and OS between 9 months and 10.5 months (Ajani et al, 2005) . The TAX325 study, which evaluated docetaxel, cisplatin and 5-FU regimen in advanced oesophagogastric cancer demonstrated significantly improved OS (risk reduction 23%) and increased time to progression (TTP) compared with cisplatin and 5-FU (Van Cutsem et al, 2006) . Similarly, the activity of irinotecan has been established in advanced gastric cancer. In first-line treatment, irinotecan monotherapy (350 mg m À 2 ) is tolerable and provides modest response rates of 20%, and a median OS of 7.1 months, whereas combination therapy with irinotecan, and 5-FU and folinic acid is associated with a response rate of 42.4%, and median OS of 10.7 months (Kohne et al, 2003; Pozzo et al, 2004) .
This randomised phase II study was designed to assess the efficacy of docetaxel in combination with either irinotecan or 5-FU in advanced oesophago-gastric cancer.
PATIENTS AND METHODS

Study design
Eligible patients were aged 18-75 years with measurable and/or evaluable metastatic, histologically proven gastric adenocarcinoma (including adenocarcinoma of the oesophago-gastric junction). Other key eligibility criteria were the following: Karnofsky performance status (KPS)X70%, life expectancy 412 weeks, and adequate haematological, renal and hepatic function. Previous adjuvant (and/or neoadjuvant) chemotherapy was allowed, provided a period of 12 months had elapsed since the end of therapy and first relapse. No prior palliative chemotherapy was permitted. Patients must have had X6 weeks since prior radiotherapy and X3 weeks since major surgery. Written informed consent was obtained from all patients. The protocol was approved by an independent ethics committee/institutional review board, and the study was conducted in accordance with the amended Declaration of Helsinki.
Dosing and administration
Patients were randomised to receive either docetaxel 60 mg m À 2
(1-h IV infusion, Day 1) followed by irinotecan 250 mg m À 2 (30-to 90-min IV infusion, Day 1) every 3 weeks (DI), or docetaxel 85 mg m À 2 (1-h IV infusion, day 1) followed by 5-FU 750 mg m À 2 per day (continuous infusion, days 1 to 5) every 3 weeks (DF) until disease progression, unacceptable toxicity or withdrawal of consent. Dose reductions were required in both treatment arms in case of severe toxicities (graded according to the National Cancer Institute of Canada Clinical Trials Group (NCIC-CTG)-expanded common toxicity (CTC) criteria version 2). Chemotherapy was dosed according to the haematological function on the day of treatment. If the neutrophil count waso1.5 Â 10 9 l À 1 or the platelet count was o100 Â 10 9 l À 1 treatment was delayed by 1 week (maximum of 2 weeks). During the second and/or subsequent cycles in cases of febrile neutropenia or grade 3/4 neutropenia lasting more than 7 days, G-CSF was recommended. Dose reductions were recommended if despite the use of G-CSF, grade 3/4 neutropenia occurred with subsequent cycles. Treatment was delayed for 1 week for patients with Xgrade 1 diarrhoea (maximum of 2 weeks delay). Protocol-specified dose reduction was recommended if despite the use of loperamide, Xgrade 3 diarrhoea occurred. A maximum of two dose reductions or two treatment delays were permissible, if despite dose reductions, the same complication-persisted treatment was terminated unless antineoplastic efficacy justified continuation. Both arms received standard steroid pre-medication consisting of six doses of dexamethasone 8 mg for 3 days. Patients in the DI arm received anti-emetic pre-medications with 5HT3 antagonists.
Study endpoints
The primary endpoint was a radiological response rate as assessed by the external response review committee. Overall response rates (ORR) was assessed by a CT scan and was defined as the percentage of patients who achieved a complete response (CR) or a partial response (PR). A CR or PR had to be confirmed by two evaluations of the disease taken X4 weeks apart, and all responses were reviewed according to World Health Organization criteria (Miller et al, 1981) . The CT response assessments were performed every two cycles.
Secondary endpoints included TTP, time to treatment failure (TTF), duration of response, OS, treatment toxicities and clinical benefit. Clinical benefit was assessed in the intention-to-treat (ITT) population in terms of time to definitive worsening of KPS (a decrease by X1 category compared with baseline without any further improvement); time to definitive weight loss (definitive decrease in weight by X5% compared with baseline); time to definitive worsening of appetite (deterioration of appetite by X1grade on a scale of 1 to 5, where 1 ¼ very poor and 5 ¼ excellent) and pain-free survival (time from randomisation to first appearance of Xgrade 1 cancer pain in patients with NCIC-CTGexpanded CTC, version 2, grade 0 cancer pain at baseline).
Adverse events (AEs) and laboratory values were graded according to the NCIC-CTG-expanded CTC, version 2.
Statistical analyses
The primary objective of the study was to rank the two test arms on the basis of their efficacy. No formal statistical comparison was planned to compare the treatment groups. The trial design was based on the assumption that there is a true ORR difference of 15% between the two test arms (40% vs 55%); 37 evaluable patients per arm were necessary to ensure a 90% probability to rank correctly the two test arms according to their observed response rates. With this rationale, the test arm with the highest observed response rate was to be identified as the most efficacious test arm. Taking into account a rate of 10% of non-evaluable patients, it was estimated that 84 patients (42 per arm) in total were needed to be enrolled in the trial.
Efficacy was evaluated in two populations. The ITT population was defined as all randomised patients who received treatment in the arm to which they were assigned. The per protocol population (PPP), a subset of the ITT, was defined as patients who were eligible/evaluable for response, and who did not experience any major protocol deviation during the study. The PPP was used for the primary endpoint analysis. Safety analyses included all treated patients.
Patients were evaluable for response if they were considered to be eligible and had at least one complete tumour assessment after receiving two cycles of study drugs (unless early progression occurred). For TTP, death was considered an event if it occurred within 9 weeks of the last evaluable tumour assessment. Incidence, severity (worst grade), relation to study treatment and seriousness of toxicity were described by patient and cycle. Worst-grade toxicity of laboratory values was recorded by the patient and by the cycle.
RESULTS
Patient characteristics
Between August 1999 and August 2000, 86 patients were enrolled and randomised from 19 centres in 6 countries (43 to each group) ( Figure 1 ). One patient in the DI group was not treated and discontinued the study because of jaundice; therefore, the ITT included 85 patients (Figure 1 ). The participant flow during the study is summarised in Figure 1 . Gender, race and disease characteristics (except for anatomic site of the primary tumour) were well balanced between the two groups (Table 1) . A betweengroup difference of more than 10% points was noted for KPS 70, patient age groups and 45% weight loss (Table 1) . The majority of patients (94.1%) had metastatic disease; 36.5% of patients had three or more organs involved. Approximately a third of patients (36.5%) had prior palliative or curative gastrectomy.
Exposure to study medication
Overall, both groups received a similar number of treatment cycles (median (range): 5 (1 to 21) with DI, 6 (1 to 14) with DF). Both groups received similar overall duration of study treatment (median, 16 and 18 weeks in the DI and DF groups, respectively). The median relative dose intensity was high for all drugs (40.90), showing that the administered dose was close to the planned dose.
A similar proportion of patients had dose reductions (47.6% and 46.5% of patients receiving DI and DF, respectively). The main reason for dose reduction was haematological toxicity with DI (23.8%) and non-haematological toxicity with DF (27.9%). All AEs leading to dose reduction were related to the study medication, except for one. These AEs included diarrhoea (26.2%), fever (21.4%) and neutropenia (11.9%) in the DI group, and diarrhoea (11.6%), stomatitis (11.6%) and fever (9.3%) in the DF group. The proportion of patients with at least one cycle delay was comparable (45.2% and 44.2% of patients receiving DI and DF, respectively), with the main reason for delay being 'other reasons' (e.g., patients' holidays, patients' requests, or administrative logistical reasons) in both groups (23.8% and 32.6% of patients receiving DI and DF, respectively).
The main reason for treatment discontinuation in both groups was progressive disease (DI: 57.1%; DF: 48.8%), followed by AEs, with a difference of more than 10% between groups (DI: 14.3%; DF: 27.9%).
Non-eligible (n =3) Deranged LFT = 2 Prior cytotoxics = 1
Non-eligible (n = 1) Prior cytotoxics =1
Eligible n =39 Eligible n =42 1 Patient exclude due to jaundice (Table 2 ). The median TTF (PPP) was 3.8 months (95% CI, 2.1 to 4.8) with DI and 3.9 months (95% CI, 2.8 to 4.4) with DF. The median TTF in the ITT population was 2.8 months (95% CI, 1.8 to 4.2) with DI and 3.9 months (95% CI, 2.6 to 4.3) with DF. The median OS (ITT) was 8.6 months (95% CI, 6.1 to 12.2) with DI and 9.4 months (95% CI, 7.7 to 11.0) with DF. A total of 15 out of 42 patients in the DI group and 11 out of 43 patients in DF group were living 1 year after randomisation ( Figure 2) ; 6 and 2 patients, respectively, remained alive after 2 years. The median TTP in the ITT group was 3.8 months (95% CI, 2.2 to 6.0) with DI and 4.4 months (95% CI, 2.7 to 6.8) with DF (Table 2) .
Clinical benefit
Clinical benefit was measured in the ITT population. The median time to definitive deterioration of KPS was 2.6 months (95% CI, not reached) with DI and 4.9 months (95% CI, 1.9 to 11.2) with DF. Median time to definitive worsening of appetite was identical in both groups at 4.9 months (95% CI, not reached). Median time to definitive 5% weight loss was 7.6 months with DI and was not reached with DF. Median pain-free survival was not reached in either group.
Second-line therapy
A total of 18 (43%) patients in the DI group and 21 (49%) patients in the DF group received further second-line chemotherapy. Majority of these patients in both arms received a platinumcontaining regimen.
Toxicity
The AEs are summarised in Table 3 . Diarrhoea was the most common non-haematological toxicity seen in both arms (DI: 42.9%, DF: 16.3%). There was a higher incidence of grade 3-4 stomatitis in the DF arm (14.0%). Myelotoxicity was more frequent in the DI arm with grade 3-4 neutropenia occurring in 83.3% of patients in this group and 69.8% in the DF arm. This translated into a higher rate of febrile neutropenia/neutropenic infection in the DI arm (40.5% vs 18.6%, P ¼ 0.03). The G-CSF for secondary prophylaxis was administered to a similar proportion of patients in both groups (DI: 19.0% of patients and 15.2% of cycles; DF: 20.9% of patients and 13.4% of cycles). Among these patients, two DI-treated patients and one DF-treated patient experienced febrile neutropenia or neutropenic infection despite G-CSF administration. No study treatment-related deaths were reported.
A total of 6 patients in the DI arm and 12 patients in the DF arm discontinued study treatment because of AEs. In all but two of these cases (both DF-treated patients), AEs were considered to be related to study treatment and included gastrointestinal toxicities (DI: three patients; DF: four patients), neurological toxicities (DI: 0 patient; DF: five patients), flu-like symptoms (DI: two patients; DF: two patients), infection (DI: one patient; DF: one patient) and pleural effusion (DI: one patient; DF: one patient).
Overall, nine (10.6%) patients died within 30 days of the last infusion of chemotherapy. None of these deaths was considered to be treatment-related (five patients were attributed to progressive disease and four patients to other causes).
DISCUSSION
This randomised phase II study evaluated the efficacy and safety of two docetaxel-based regimens in advanced oesophago-gastric cancer. The observed ORR and median duration of response were similar for the DI and DF groups (37.5% vs 33.0% and 8.3 months vs 8.0 months, respectively). In addition, the survival outcomes were comparable between the treatment arms with a median OS of 8.6 months and 9.4 months with DI and DF respectively. Similar to other docetaxel studies, haematological toxicity was the most frequently observed AE. Treatment with DI was associated with a higher incidence of febrile neutropenia and/or neutropenic infection, which occurred in 40.5% of patients compared with 18.6% of patients in the DF arm. Additionally, a lower incidence of grade 3-4 treatment-related diarrhoea, anorexia, nausea and lethargy occurred in the DF arm. As compared with other studies evaluating the DI regimen in advanced gastrooesophageal cancer, in our study, a higher dose of irinotecan was used, which could explain the higher incidence of grade 3-4 events.
The efficacy and safety results for DF are consistent with those reported in previous phase II studies (Constenla et al, 2002; ThussPatience et al, 2005) . These studies reported an ORR of 28% and 38%, and OS of 7.7 months and 9.5 months, respectively. Furthermore, DF regimen in these studies had a comparable safety profile to that observed in our study. Similarly, efficacy results for DI regimen were consistent with those reported in other studies, in which the response rate was 26% and 45.7%, respectively (Jatoi et al, 2002; Park et al, 2006) . In general, the type of toxicity observed with the DI regimen was also comparable with those previously reported; however, the incidence of grade 3-4 events was higher in our study as compared with the studies by Park et al (2006) and Jatoi et al, 2002 . We speculate that this is probably a result of the higher dose of irinotecan administered. It is of interest to note that the efficacy with DF in our study is comparable to doublet combination studies, which had substituted 5-FU with capecitabine or S-1 (ORR ranging between 39% and 52.1%; Giordano et al, 2006; Yamaguchi et al, 2006; Yoshida et al, 2006) . Platinum-containing triplet regimens are considered a standard of care for patients who have good performance status and whose tumour does not express human epidermal growth factor receptor-2 (HER-2). On the basis of the REAL-2 study, the EOX regimen has been widely adopted in the United Kingdom and in many centres across Europe, because of its efficacy, ease of administration and safety. The docetaxel-containing DCF regimen has been shown to provide a significant survival benefit over CF, reducing the risk of death by 23% (P ¼ 0.02), which resulted in a 2-year survival rate of 18% compared with 9% with CF alone (Van Cutsem et al, 2006) . However, this benefit was associated with increased toxicity and has subsequently led to the recommendation to add docetaxel in patients with good KPS and organ function, using a modified regimen with either reduced dose, or as a weekly or biweekly regimen (Shah et al, 2010; Tebbutt et al, 2010; Van Cutsem et al, 2011b) . Another potential docetaxel-containing regimen with promising results was recently reported in the phase II GATE study (Van Cutsem et al, 2011a) . In this study, patients with advanced gastric cancer were randomised to receive TEF (docetaxel, oxaliplatin and infusional 5-FU q2w), TE (docetaxel and oxaliplatin q3w) and TEX (docetaxel, oxaliplatin q3w and capecitabine continuously). In the TEF regimen a biweekly lower dose of docetaxel was used, and this was associated with improved TTP, RR and OS, with a better safety profile compared with TE and TEX.
Current attempts to improve outcomes have included the combination of targeted agents with cytotoxic chemotherapy. With the successful addition of trastuzumab as a targeted agent to chemotherapy, present guidelines recommend testing of HER-2 in all patients who are candidates for first-line chemotherapy, and patients with a tumour overexpressing the HER-2 receptor should be treated with the cisplatin/fluoropyrimidine and trastuzumab combination (Bang et al, 2010; Van Cutsem et al, 2011b) . However, a definitive role for other biological agents targeting mainly the EGFR, HER-2 or VEGF pathways is still evolving with the aim of identifying subgroups of patients who may potentially benefit from a particular approach.
Non-platinum-containing cytotoxic regimens have been previously tested in patients with advanced gastric cancer. Combinations such as irinotecan and 5-FU, and DF when compared with platinum-containing doublet or triplet regimens were associated with comparable efficacy (Dank et al, 2005; Thuss-Patience et al, 2005) . Thus, because of toxicity concerns in patients who are deemed to be unsuitable for platinum-containing regimens, alternative doublet regimens may represent a viable treatment option.
Our trial shows comparable efficacy with both regimens as firstline treatment for patients with advanced oesophago-gastric cancer. We think irinotecan as monotherapy or in combination could be an appropriate second-line strategy on the basis of recent studies. In the second-line setting, a number of chemotherapy regimens, including a combination of irinotecan, continuous 5-FU and leucovorin (FOLFIRI; Assersohn et al, 2004; Wesolowski et al, 2009; Kim et al, 2010) , and weekly docetaxel in combination with (Hawkes et al, 2011 ; OS benefit between 5 to 10.3 months). However, the toxicity with DI regimen at the doses used in this study is high and should be balanced against the potential benefit associated with it in the palliative setting (Sym et al, 2008) . More recently, second-line chemotherapy with either docetaxel or irinotecan has demonstrated significant benefit in OS when compared with best supportive care in a randomised phase III trial (Thuss-Patience et al, 2011; Kang et al, 2012) ; however, it should be noted that only 20% of advanced gastric cancer patients may actually receive second-line therapy, and currently, no chemotherapy strategy has emerged as a clear winner in this setting. The activity and tolerability of DF regimen reported in our study provides additional evidence that this regimen could represent a viable first-line alternative for patients who cannot tolerate platinum-based chemotherapy or for patients who have specific contra-indications, such as renal and hearing impairment, and pre-existing peripheral neuropathy.
